Introduction
The Indonesian maritime continent is located in the center of the Pacific-Indian ocean 'warm water pool' region. The world's most active atmospheric convection center exists in this region, which is believed to control the global climate, including large intraseasonal and interannual variations. The approximately four-year scale El Nino-Southern Oscillation (ENSO) is considered to be triggered by the behavior and movement of such a convection center near the maritime continent (e.g., Sumi, 1986; Trenberth, 1991; Allan, 1991; Lau, 1992) .Also, the 30-60 day intraseasonal oscillations are regarded as the movement of the super clusters situated there (Nakazawa, 1988) . Hierarchical structures of the super clusters and their relationships with the ENSO (Lan et al., 1989; Nitta et al., 1992) and with equatorial waves (Takayabu and Nitta, 1993) have also been studied. However, because these studies were based on satellite cloud imageries and global objective analyses, detailed dynamical aspects smaller than cloud-cluster scale (N103 km and N1 day in horizontal and temporal scales) have not been discussed. In particular, studies of features over the Indonesian maritime continent have been quite rudimentary except for a few studies mainly based on surface observations or satellite imageries (e.g., Estoque, 1982; Chang and Chen, 1992) .
During the intensive observation period (TOP; November 1992-February 1993) of TOGA (Tropical Ocean-Global Atmosphere project) COARE (Coupled Ocean-Atmosphere Response Experiment), various observational techniques were integrated and concentrated into the eastern end of the maritime continent warm water pool region (Webster and Lukas, 1992) . Among them, wind profilers with RASS (Radio Acoustic Sounding System) were constructed on several islands, providing wind and temperature profiles with higher time and height resolutions and reliability than those previously obtained in this important region. Many of the profilers used in the TOGA COARE TOP were VHF band radars with a standard operational altitude range of 2-18 km (Balsley et al., 1987 (Balsley et al., , 1991 Gage et al., 1988 Gage et al., , 1991a Gage et al., , b, 1994 Williams et al., 1992; Sukmadradjat et al., 1993) . The other type of wind profilers were UHF band radars which were used for altitudes lower than 5 km (Ecklund et al., 1988 (Ecklund et al., , 1990 May and Wilczak, 1993) . These VHF/UHF wind profilers were expected to improve drastically our knowledge and interpretation of the equatorial atmosphere dynamics, since classical techniques such as balloons, aircrafts and satellites cannot observe the lower troposphere in as much detail as profilers (see, e.g., Stull, 1988; Garratt, 1992) . However, there were no wind profilers proposed in the original plan of this campaign in the center of the Indonesian maritime continent (on the western side of 140E).
We have developed an L-band clear-air Doppler radar called the Kyoto University boundary layer radar (BLR) Hashiguchi et al., 1995a, b, c) to study atmospheric dynamics in the lower troposphere including the planetary boundary layer (PBL) in equatorial regions. The BLR has been operated for international cooperative observations of the lower troposphere dynamics over Indonesia since November 1992. These are conducted by BPPT (Agency for the Assessment and Application of Technology) and LAPAN (National Institute of Aeronautics and Space) on the Indonesian side and by RASC (Radio Atmospheric Science Center) of Kyoto University on the Japanese side . In addition to the studies on cloud connections themselves, we are planning to study their roles in the transport of various minor constituents from the troposphere to the stratosphere (Holton, 1984) , and the excitation of various atmospheric waves propagating from the troposphere to the stratosphere (Tsuda et al., 1992 (Tsuda et al., , 1994a . Observations with the BLR have been carried out throughout the TOGA COARE TOP, and have continued without any serious problems for more than two years (as of November 1994).
In the following sections, we first give a brief description of the BLR observations and the satellite data used in this study. Overall features throughout the TOGA COARE TOP are described in Section 3. A striking reversal phenomenon from easterly (the Pacific Ocean trade wind) to westerly (the Indian Ocean monsoon) observed with the BLR is described in Section 4. This phenomenon is identified with a super cluster (the convection center) passage from west to east observed with the satellite imagery. In Section 5 we summarize conclusions at the present stage of the BLR observations during TOGA COARE TOP.
Observations
The Kyoto University boundary layer radar (BLR) is a small and transportable radar operating at a frequency of 1357.5 MHz (L-band) with a peak transmitter power of 1kW Hashiguchi et al., 1995a) . Basic parameters of the BLR are summarized in Table 1 . The BLR provides vertical profiles of three-components of the wind velocity vector, turbulence parameters (on clear days) and raindrop characteristics (on rainy days) in the lower troposphere, including the PBL, with time and height resolutions of about 1 min and 100m, respectively. In addition, temperature profiles can be obtained by means of the RASS technique (Tsuda et al., 1994c ) although they are not described in Table 1 . Principal specifications of the Kyoto University boundary layer radar . June 1995 H. Hashiguchi, S. Fukao, M. D. Yamanaka, and et al. 537 this paper. In October 1992, the BLR was installed at PUSPIPTEK (National Center for Research, Science and Technology) in Serpong, West Java (6.4S, 106.7E, 50m above sea level), which is located in the south-west suburbs of Jakarta (see Fig. 1 ) (Hashiguchi et al., 1995b; Tsuda et al., 1995) . This radar site is on a plain and is about 40km from the coastline of the Java Sea, and there are no mountains between them. The observations are thus almost free from both sea and ground clutter. The radar has been continuously operated without any serious problems since November 1992 (Hashiguchi et al., 1995c) . During the TOGA COARE TOP, two surface meteorological parameters were observed with standard instruments at the radar site. These parameters were the surface winds, which are monitored with a standard anemometer (OGASAWARA, WS-A54) on a tower of about 10m height above the ground, and precipitation (rainfall), which is automatically recorded with a rain gauge (IKEDA, RT-5).
Geostationary Meteorological Satellite (GMS) infrared (IR) data during the TOGA COARE TOP were edited by the Meteorological Research Institute. The specifications of the data used in this study are as follows:
Spatial resolution: 1-longitude x 1-latitude; Spatial coverage: 60N-605,80E-160W; Time resolution: 3 hours; Temperature resolution: 1K (256 levels). We used the data to examine cloud distributions around the radar site. In order to select deep convective clouds and to exclude data from sea surface and lower clouds, we introduced an index (ITBB) defined by
where TBB is the area mean equivalent black body temperature in Kelvins. Global objective analysis (GANAL) datasets prepared by the Japan Meteorological Agency (JMA) were also used in this study. The specifications of the data are as follows:
Spatial resolution: 1.875-longitudex1.875-latitude;
Time resolution: OOZ, 12Z; Vertical resolution: 15 levels from the surface to 10hPa.
It should be noted that near the Indonesian maritime continent the GANAL data are mainly based on the cloud movement data by GMS (ci. Nitta et al., 1986) because operational rawinsonde data are rarely obtained.
Overall features during TOGA COARE OP
The climatology of the Java Island is characterized by an annual cycle of the rainy (around January) and dry (around July) seasons, and is affected by both the Pacific Ocean trade wind (easterly) and Indian Ocean monsoon (westerly) circulations (see, e.g., Allan, 1991; Johnson, 1992) . The TOGA COARE TOP corresponded approximately to the rainy season at the BLR site.
Figures 2b and 2c show the time-height cross section of daily-mean westerly and southerly winds, respectively, observed with the BLR for 4 months during the TOGA COARE TOP. As described above, in November (which we considered to be around the end of the dry season), easterly winds (the Pacific Ocean trade wind) were observed above 2km height. In and after December (rainy season), westerly winds (Indian Ocean monsoon) were observed although weak easterly winds were sometimes observed. Sukmadradjat et al. (1993) reported that sustained strong westerly winds were observed with a VHF wind profiler at Biak (2S, 136E) in the lower troposphere during the TOGA COARE TOP in the periods from late October to early November 1992, and from the end of December 1992 to early January 1993. At Serpong, sustained westerly winds were observed about one month early, that is, during early December 1992, and from late January to early February 1993. Westerly winds were at a maxima also around the end of December and the end of February. These 30-60 day mode-like variations were clear only in the tonal wind variations, which seem to have Kelvin-wavelike structures. Although Estoque (1982) reported the existence of pressure disturbances with periods of approximately 20 days over the Indonesian maritime continent, such a periodicity was not so clear in the BLR winds, at least during this observational period. Figure 2a shows the time-latitude cross section of ITBB along a longitude near the radar site (107E). We found that cloud activity was very strong over the radar site throughout the TOGA COARE TOP. In particular, during January-February cloud activity over the radar site was stronger than that around the equator. Super cluster-like structures are found at 6S latitude, corresponding to the 30-60 daymode westerly maxima mentioned in the preceding paragraph. In late January when active clouds existed in the latitude range of 10S-20S on the southern side of the radar site, strong northerly winds were observed with the BLR. Figure 2d shows the time variation of rainfall observed at the radar site. There were 3-5 day periods between the rainfall peaks particularly during January-February, which seems to be similar to the cloud cluster activity over the 6latitude. However, the rainfall did not always correspond to the cloud activity observed with GMS over the radar site. We consider that smaller-scale convective clouds are directly related to the rainfall, and these are much smaller than the spatial resolution of the GMS data shown in Fig. 2a which is 1x1 (N100kmx100km). 4. Evidence of convection center movement 4.1 Wind reversal phenomena observed with the BLR Figure 3 shows monthly averaged diurnal variations (left panels) and monthly averaged profiles (right panels) of the horizontal winds observed with the BLR (height>400m) and the surface winds observed with the anemometer in November (upper panels) and December (lower panels) (Indonesian Western Standard Time = UT + 7 h). The diurnal variation indicates differences from the monthly averaged profile. In November, meridional components were stronger than zonal components below 1.6 km, while easterly winds were observed above 1.3 km. On the other hand, in December, westerly winds were observed in the whole observational height range (< 3 km). Northerly and southerly components were strong in daytime and night-time, respectively, in the height range lower than about 1 km throughout the two months. This feature was particularly clear near the ground. This wind variation corresponds to a sea-land breeze circulation as reported by Hashiguchi et al. (1995b) . Figure 4 shows the time-height cross section of daily averaged horizontal winds observed with the -Feb 1993 BLR and the anemometer during 2 November-31 December 1992. Small-scale wind variations, such as the sea-land breeze circulation, are canceled in this figure. The wind direction was drastically reversed from easterly to westerly during these two months. In November (except on the dates 2 and 25), easterly winds were observed above 2km, with strong easterly winds appearing at periods of 5-8 days. At the beginning of December, the reversal of wind direction from easterly to westerly in the atmospheric boundary layer started earlier than in the free atmosphere. In December, strong westerly winds appeared periodically every 5-8 days. While easterly winds occasionally appeared in December, westerly winds were rarely seen above 2km in November. Although winds at the ground were usually weak, relatively strong westerly winds were observed above the ground during 3-8 December. Figure  5 shows a time-height cross section of horizontal winds averaged every 2 hours during 28 November-3 December when the drastic change from easterly to westerly was observed. We confirm that the wind reversal occurred during a rather short period.
The dominant wind direction was easterly above 1.5km altitude during 28-29 November, and was westerly throughout the 0.4-3 km height range during 2-3 December. However, the dominant wind direction was not so clear during 30 November-1 December. Figure 6a shows a time-height cross section of the vertical Doppler velocity observed with the BLR in the same period as Fig. 5 . During precipitation the vertical velocity corresponds to the fall speed of precipitation particles. Rainfall observed on 28 November and 1-3 December is shown in Fig. 6b . In particular, strong rainfall exceeding 30mm hour-1 was observed four times during the night of 1-2 December. It is noted, however, that even in such rainy weather the horizontal winds can be observed correctly with the BLR because the horizontal motion of precipitation particles follows the surrounding atmosphere almost perfectly. Westerly winds became strong below 1.5km height during the rainfall, as mentioned above, and winds were weak during the no-rainfall period of 21-24 LT on 1 December (see Fig. 5 ). Although no rainfall was observed on the ground on 29 and 30 November, large downward velocities observed with the BLR suggests precipitation above 0.4km height. We consider that the BLR is more sensitive to the precipitation than the rain gauge because the BLR detects precipitation in a rather broad area (103-105 m2) defined by the beam width (N8), whereas the rain gauge detects precipitation in a much smaller area (<10-1m2) It is suggested that cloud activity was high in this period, and in particular it was very high in the beginning of December.
Movement of cloud clusters observed with GMS
We used the 3-hourly GMS IR data to examine cloud distributions over Indonesia. Figure 7b shows the time-longitude cross section of ITBB at 6S latitude near the radar site during 1 November-31 December between 80E and 160W. Westwardmoving cloud clusters were found with horizontal scales N102km and with time scales of 1-2 days. rya,
June 1995 and et al. 543 They were involved in an eastward-moving super cluster with a horizontal scale N 103km as reported originally by Nakazawa (1988) . The phase speed of the super cluster in this case was about 4m while Nakazawa reported a speed of 10-15m We found from Fig. 7b that the convection center (the most active super cluster observed here) appeared on the western side of the radar site in November and passed by the radar site at the beginning of December. Such eastward movement of the convection center is a climatological feature of this season (cf. Sumi, 1986) . Another super cluster was generated on the western side of the radar site on or around 15 December. Figure 7a shows zonal winds averaged in the height range of 2-3km every 12 hours observed with the BLR. When the center of the cloud clusters was located on the western or eastern sides of the radar site, the wind direction tended to become easterly or westerly, respectively. Furthermore when the cloud clusters were over the radar site, the BLR wind tended to become weak. Figure 8 shows the 850 and 700hPa (corresponding to approximately 1.5 and 3.2km height, respectively) wind fields obtained from GANAL and the horizontal distribution of ITBB near the radar site during 28 November-4 December 1992. GANAL winds near the radar site (cross symbol in Fig. 8 ) are reasonably consistent with BLR daily mean winds shown in Fig. 4 ; easterly winds changed to westerly winds in the beginning of December. However, the GANAL winds are somewhat stronger than the BLR winds. This may be due to the differences of temporal and spatial resolutions, although detailed investigations of this are beyond the scope of this paper.
GMS observed the cloud-top levels, which were in the upper troposphere (ITBB>30 or TBB< 220K). Therefore, middle-tropospheric observations are needed to relate the GMS cloud activity data with the BLR wind variation data which were observed only in the lower troposphere. Since we have also obtained radiosonde data at the radar site in other periods (October 1993 for the dry season and February 1994 for the rainy season; see , we plan to examine the relationship between the GMS and BLR data in detail using the radiosonde data in these periods.
Discussion
On the basis of the horizontal winds observed with the BLR (Section 4.1), the cloud distributions observed with GMS and the wind fields obtained witl CANAL (Section 4.2), we conclude that the convection center (a super cluster) moved eastward over Indonesia (see Fig. 9 ), bringing the rainy season tc this region. The Pacific Ocean trade wind (easterly; dominated only on the eastern (or dry season) sidE of the convection center. The Indian Ocean monsoon wind (westerly) blew toward the convectiorr center from the western side. The strong conver- genre of both winds maintained the convection center. The reversal of the wind direction from easterly (in November) to westerly (in December) observed with the BLR was associated with the eastward movement of the convection center. It must be noted that there were several super clusters generated on the western (rainy season) side of the convection center, and that the westerly wind became weak (sometimes weak easterly) just before the passage of a super cluster (see Fig. 7 ). Although the interactions among monsoon variations, super cluster generation, and rainfall activity may be quite interesting, they are beyond the scope of this study as it uses data mainly from a single station. After the TOGA COARE TOP, the mean wind direction reversed from westerly to easterly in the middle of March 1993 (the end of the 1992-1993 rainy season), and then reversed again from easterly to westerly in the middle of December 1993 (not shown).
The temporal scales of the convection center and June other super clusters (all moving eastward) were about 10 days, and the interval (clear period) between two super clusters was also about 10 days. These scales are similar to those from other observational studies (Nakazawa, 1988; Lau et al., 1989; Nitta et al., 1992) . Thus, if the super clusters are organized in a wave structure, the wave period is<20 days. This period is similar to those of surface pressure disturbances found over Indonesia in December 1978-March 1979 reported by Estoque (1982) , tropopausal Kelvin-wavelike disturbances found over Indonesia in February-March 1990 reported by Tsuda et al. (1994a) , and also to lower-stratospheric Kelvin waves discovered by Wallace and Kousky (1968) . Using a phase speed of 4m s-1 (Section 4.2) the zonal wavelength is estimated to be<7,000km.
In this study, we found that westerly enhancement of the wind on the western side of each super cluster appeared later in the higher altitudes (Section 4.1 and Fig. 4 plies a westward phase inclination. Westward-moving cloud clusters with temporal scales of 1-2 days were found with each super cluster both in (and after) December (the westerly monsoon regime) and in November (the easterly trade wind regime) before the passage of the convection center. These temporal scales were somewhat smaller than those of the mixed Rossby-gravity wave-like disturbances (3-5 days) that were mainly over the equatorial Pacific Ocean during June-August (see, e.g., Takayabu and Nitta, 1993) . In this study, we found that wind variations associated with the cloud clusters in the easterly regime (or in dry season) were relatively weak in the PBL (see Section 4.1 and Fig.  4) .
In summary, the BLR observed not only wind variations correlated with the cloud cluster and super clusters, but also several differences in the characteristics of the easterly and westerly regimes (or the dry and rainy seasons) . We intend to study these differences in detail based on much more intensive observations which were conducted in October 1993 (dry season) and in February 1994 (rainy season) with radiosondes and radiation sensors as well as the BLR (cf. Tsuda et al., 1995) .
Conclusion
We have successfully continued observations with the BLR at Serpong in the Indonesian maritime continent since November 1992. By using the data from BLR and GMS observations we found that there existed a reversal of the dominant wind direction from easterly Pacific Ocean trade wind to westerly Indian Ocean monsoon wind between the western and eastern sides of the eastward-moving convection center (a super cluster). The BLR has provided detailed measurements of wind variations in time and height, and revealed the fact that the wind reversal occurred during a rather short period and the lower-tropospheric wind disturbances associated with cloud clusters in the easterly trade-wind regime (or in the dry season) were relatively weaker than those in the westerly monsoon regime (or in the rainy season).
Although we have used data from the BLR averaged for 2 hours or longer in order to treat large scale phenomena in this study, the BLR has the capability of obtaining a wind profile every minute. In subsequent papers small-scale wind variations observed with the BLR should be compared with cloud distributions.
